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TAd is a membar of the tumor necrosis factor recep- 
top Bupcrfanuly and serves bb a ke^ regulator of B cell 
ftmotion* TACI bicda two Uffmada, APBIL and BAFF, 
witti 3iigh af^ty and cqntaina two <iyeteine-rich do- 
mains {CHDa> in its ertracellular region; ia conttaat, 
BCMA and BK3, the other known hi^ affinity receptors 
for AFSIL and BAF^, respectivBly, ooBtain only a dngle 
or paitial CRD, Bowevert another ^nn of llAd *niBtB 
wHerein the N-tmoinaX GBD ie rexoovod by alternative 
^dng. We Bad that ehorter form is capahlo of 
ligand-indneed cell eignaling and that the eecond CBD 
alone HmJL^) containa ftdt afSnity ftir both ligands. 
Furthennoro, we report tha solution stmcfcure and ala* 
nine-scanning mutagoaesia of TACljdZ T^!rpn g with co- 
crystal etroctures of APHIM'ACLd2 and APHIL-BCMA 
completes that together revesl the ntechaniam by wMch 
T4CI engages hl^ afHnity ligand binding ttimtigh a 
single CKDf and we bighli^ t eourcea of Kgmd-receptor 
spedfidty witaiin tlM Ami^BAFF system. 

^ Wfembm of the tumor iietrmsiBiactarC^^ 
liganda and their lecdptcrB (OT^l) era criticnl r^fidato of 
tha adapti™ iamatma system. 'I!ha Hgands are type H trans^ 
mettilitane protein cjrtokinea *hat bara divetae and, at times, 
oppDfling eiSects an variouB iTTimnnfl ceS typea ^nff ltr^iftg acticff 
aa ccsfttmiJlatary molecalGa, appptotic ageata, and growth ac- 
tors (IX AHUL (also Jmown aa ^nSfISA, mir2, and 
TBBh-l) is a (TNF Hgaad that ia overerpies^d by Eoma tumm 
and atimulatea tumar ceO grawth (2); hawaror^ its fimctioa in 
mttinal bidDgria leaa dear (3). APRIL ia moat gmwinr 
quenca to tha B ceE actiTatum fecUir, BAKF Calaa toown as 
T^^m, BLj?S, TAXIr-1. THAI^ and mJF4X BAEP ia es- 

' tho costs of puiJicatiim of fiu» artidfl to* de^yca in part by tha 
p^rmetit of peg? theigei Itris aiticla mm therefoia b* hEi^nrniarkEd 
adtmHwTianl* ia Bcondmjca with 18 11,3.0. BectSm 1734 idely to 
iMicate tJaa feet, 

H The Qa-linavKsinn of iMs Brtidfl (araiJabiB at ht^jxffwwwjbcxffg) 
caatcina TabloB Sl-^ nad Fig. 3L h 6/ 

"IVj wham wnrcspflndeata (tead be ad£rt«et3: Dent of Pnrtdn 
^fffl^ans. 1 DNA Way, South San Pmodsw, CA 940B0. &aialU 

* ^hnmationa utedsTK TNP, ttmHsnusraaia fector; AHEIL, a 
prolifiaaHoft-hiditciBg iigami; BAFF, B ceB adivtUiini IhctoK BCMA. B 
cdl mafaimlm aatigsii; BB3. HLyS«AFF recoptar 3; CAl4 S^^Sa. 
MxjiaiDicolptqranBidfoBia add; OHD, lysteinfrjich domain; HEQC, 
bitemiracieBr eaagia qaaatum co&jEtEiir^ HES, 4-nicjpkiliaiethana- 
Jtiilfanic add; NPxB. nudaar iacior-*tBi ^fOE; ntidear Owrlumeer ef- 
fijct; NOESI, NOE apcctnaatpj: PEG, poJyathylenB glytal; r.Tn.ff,fl,, 
met mcoit Bqtmre d™ttatt; TAO, tnnMimambtaoa adavsinr and 
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Bentaal flia normal davaaopmerLt of mature B cella via mg^ 
naling titrtmgh Hha divergant TNFR BR3 Calao known as 
BAFF'BJ £4-9). 

Despita then- diSerences in ftmctioo, APHIL and BAFF are 
Unfed aa ^ baih can hind the TNFHa TACT end BChlA 
{10-13). Ebwe?er, TAd alone sarvaa aa a ^jg^ affinity receptor 
for both AEEE/ and BAEP because monovalent SOMA hin^^g 
BAFPdnlywEa%a4, 15), OiACI fundaaaa, at Jeast in part, aa 
aneg attve regulfllar of BAPF function given that losa of IIACI 
Riprp . 'wf im resulta ia the cmprodnction ofB caBa and antoim- 
mtmity ia mice (16, 17)- The rola of BCMA h leas dear, al- 
though it appeara to be important &r tha mirriTBl of iong lived 
plasma ceHis (ISX A third APHlL*epadfic receptor may eidst as 
APREi can stimokto cells that ejqpresa nathsr BCMA nor 

TAcacux 

The octracaaulflr domain of a typiceJ TNFR contedna multi- 
pla copififl of so-called ~4^rEaidu6 cyatdne-rich ^^nmjij^^ 
(CRDs), which hind in tha JsonnmHr-mommier inter&caa of a 
tnmane ligand (13). OlACOr ia a tti^^ 
ily pcaaeasing two CHDs; interesting^ however, the two CR^ 
of TACI are mote similar to eadbi other C-50% s^ence iden- 
tity) than a typical in tha TTMl femily C20X BCm and 
in contrast, are TimisuftBy small TOFBs as ths^ 
single or partial CBB, respectively. Hie on}j other known TO- 
FHa poaaessdng just a smj^ CRD are mU (21) and the 2?nK 
^qphito IWFH, Wengsn C23). AB human APm or BAFP recep. 
tor CHDa. incln^^ing both domains of TACI, share a common 
aeqaance featare, tJm so-called BH* motif, which ccnaiata of a 
amserpod S-ieaidaa sequence CPhe/ryj/I^>^Asp^2aa'Iee-(Val/ 
IS^HAi^Giyl This motif ia xeqaired &r hmdiog to eitbHr 
Aim or HAFF as, 23-25X Cr3^ fltrudwes ofBAEP bound 
to BCaaA, BE3, or a peptide presenting tha rUEL motif in a 
^hBorpn scaffold show that this tecoptor motif Ut^^s in a 
hydjophobic pocket and interactB with two conaewed axgimne 
residoea on the BAFP bu;^ (23. 24, 25}, The structure of 
AML aldne was recently Ehown to bo very simihir to that of 
BAPPand indicates that tha DSL binding dte is conserved in 
the iwt> ligands (27-31). lima, a similar mode of Hgand^iecap- 
toriirteraction via the DSLdteifl etped^ for APBIL-re^ 
camplare^ however, Jigand binding apadfidty of BEia and 
BCMA appears to be determined irdErandcns cuiaida thia 
caramon motif {15( 23, 26). 

Since boili CaU)sofhmaummC^ contain the motif arid 
have been shown qualitatEvely to inieract with BAFP (24) 
^ufistionfl remain aa to whether each domain actively 
ntes to ligsnd binding in tha contea± of the full-length recapt^ 
or whether onty 0 ne is erpldied for optimal Kgand Hndine; and 
if onV a smgle domain is somdent to achisve high aSniiy 
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biriding, wliether APRIL aijd BAFP fiiTOT the fimne qr di^^ 
HACI damflina. Altamathrely, both CRDa togete could con- 
tribute b Bgand Mcdiaif as is typcaBy observed for multidih 
mam l^rOiJla (19)1 AddiIi0nany, Ka^ 
pnafcuJated feat TACI mifiht span adjacent BAf^P trimeia with 
its two QEDe. 

mmx TNFH or like tJie HnwH and miOT flpedfic rac^tctrs BR3 
and BCm, we bav^ difliBcterited tha APRI3>TACr intera(> 
ticni nmng caH^bated, hiodimucal and EtmctarEl studififl. We 
that an altemairra epKce tea of *l!ACr lfl*-vtng ^ jj. 
terounHl CED ia stall ibiuiimifil fiw'fl^^ 
fbuiid that only the mKmbtaiie-prwimal CRD CnACLd2} is 
required for Hgh sffiniiy Mndittg to mthar APRIL or BAKP. 
Tha fidirfiojj structura of HAGLdS reveaU a compact rinmi>ft i 
sbulat to tbat cf BCMA; hsrsrmr, combiiiatoiiai alaimie-acarL- 
mug mufcagenasifl identified additional ligandbinfijigdstems* 
nanta aniq[tie ta TACSLdS. Tbs (SHayEtal etnictira of 
APRIL^CLdZ aa w?[U as APRELBCMA complflxea ai^ 
markably laiHB icterfktaa and hi^di^ tay difem 
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a^fyaad spedMty. desinte ths pr^setiM 
m m extmcellalar dtwndn of TACI, (mjy a dngia domaijx is 
empli^ for bfiih AERIL- and BAFP-depe^ 

SKPEHiMEiraAt PE0CEDUES9 

viomO? (SSXMimnftAFHlLwMTwaitbTimiSimitthastn^ 
is batter belmvai biothmtealtr iiuaiT?!£fiinMaa3it btmim APRIL Bif- 
iktmosa between intaiafi and Iraman APRIL Ha (ftrtHido flie recfiptor 
b^nff sita CHa£ 28 imd AM bdow), mna, aimiliir nscaptat hinlln ff 
Bffimtta £nr mmitas vid bianmi APRIL fi» rapsdaL SmS 
T^-i. ^^'^ aadTAOLdl (reaidBtt ^flT) wer« f«. 

floffid frum banibrinis taijig esEcnliallr the soma prwedura. DKA 

for thft TAQ firsginaii? Mowed l^7 ft C-tEra 
nibdBMd inta tho bacnbTmifl trsnjEfsr vector pAcGPSTB CPhaxaciB- 
Afler tnmafectina raid ewplificatimi ia SI9 ctlk, prutBiofl 
™j eacpressisd and saanatEd Sam HSficalla gitJwn at 27 *C. BOmMlVis, 
jH ajj, I mid NiCIi, 5 nai CaCUb aad 1 >i« pbBoylttaibylaBlfiml 
fluonik wflio added io tha cnlturaiiiedimn, tha pE wm adjaiied toTS. 
tod ttft mediim ™ S twaS piiflt to 
odd (fti^ cQhmm. Ate doHai wia laddaxaL^ rdfiT^ 
WOT pcaaitti (md pmiEfid ftirtto na a tupM^ 
« f iSi/^'^f, 'EACLda, SKTA Boading TAd iwidTua 

68-109 vm TObdaatd fnk) tb» pSraSa cqirearita Tcctor {NovftfiBn) 
CTEfiintg B fiisioa pnateiu tanalflttng af aa N-tenninal tblcrsdaiin di>- 
ms^foSowtd by a Ha tB^ thmntriti ehurtraflB aita, thea TAOt d2. 
Fretein m ExpriMaed fn StcftrricAia co(i Oiignml CDE3) coltares 
firmra tst 37 'C m 13 mediiim fin- mlaba^rf ptntem, or MS mmia>il 
msdiTOJ rantuinujj ttniaHBity ^lahdod ^utesa and P^NlNH-a ta 
EtnimtB piutmn sampleB iS^ 

m A«o cf 0.7, tha tamptEature waa lewercd to ifi and cMmsiait 
^uc8d ovBml^t yifli 1 mu za^xxip^ 1-tBo^n.gttlftcioEyiBiisaafc 
TbJ(in;dfflmi.TACI„d2 was puiified to b idcte^nltri]otdacetic add 
«S anm. ThuredtM was nimffved by ih^^ 
™pqriadfartoaEhfirttirinffrg^ phasaliiEij parfonoBMo Kqmd 
cm^tograpby for the NMR aawplM or en m 3-75 eaJumn in 20 mu 
CAP^ pH 37. 0 BiM WaC3 (buflir A) far crTBtallaarapI^r. TTnm^n 
HAFP, bomaa SCMA-Pc, aad hmnm BCMA-^Z matTttira^^ 
parsfitd as described preriausJy OGX Itus idtatifacs of aB pnrifiai 
protems wtnj weriBed by N-temuM3 se^ofinang aiid Tanas 
Bpectrttiuetiy. 

Oinyjc/iaye Aajqy»--A BlAw 

let) wfis UBfid Id mmtms liSaEd^ceqjtor mierac^ 
a carprpnitiTrs bidding femiat, BCMA-Pc waa conplod to a CM* seoBar 
chip, feo aorinfi cnuplmgpnrtoed wtpp^ 
Bt a hj^ denaiiy mommcQ TOdta) tho tciiial iBto of bmdittg 
was liaeariy dspffldent oo ^ ligand cmweatiatioii, Ite chip ^aae 
™ betwtasa Bampla ii^eciioas 1^ wtahing wilh 10 mx 

HQ. Ugma cmusfiotrntsaaa 02S m BAFE^ 60 nit thftnedaria^ 
Aimj ia the pnamcit of vmying rtcepter canceijtmtioaa wen: incti- 
bated for 2 b. Swplta wara tben pwaed ovnr iiie BCMA-FE-conpled 
ftwfaca A Hniar Et affbe initial ao^rste of the obKs^ 
was Tisod to csIeaOiste met ccmccHtJBtron of &^ ligimd, Tbo 10^ ^wa 



wtiroiatoatoa u^afcTff^ fraotioaai rate of 

fending bpmd as a fcncHao of mpatiiigreBirtorconcm&atioii. 
Hecfipton WOT alac teatad fcr binding dther to APRIL or 

owjy 05), orept that BAFP brndiog as^uttKted hiotinS 

^ ^ 5rMajii^DNA encoding TACL^S frSdue* 68- 
™' Sfr^^"** ^ pba^anM BQ£AS^ described pmicmaly 
cm mCLdS^ wag laed to pt!^ tee ^tb(%^ 
lacKieaeasctttiaUynsdEKyaied prBvjmu^y {32), ^ iihnny tnjit^ 
™^ PcaiiiaM: bTsfaiy ono has n sbat^ epdona 
at Pfflrito 73, 74, 75. 7^ 77, 73, BO, Bl, S3, and Bfi: libiiy twabaa 
13 ^rtgim ttdflaa at pantiQaa 79, ai, 82. 64, 87, HS. 31, 32, 94, gs, 9S, 

APRIL, BAFP or mtL-Jag antibodr C3Ca:£P4 Gftnantedi, ^ and 

binding 71, 40, and 54 aequenees T^eze^aS^^d km 
]i1j™cs one, twa and tiuEe, mpectively. For BAPP binding. 70. 60 
and 53 aeqjumca wtift analyzed &r.b-brariea one. twD^dtbre^ 
BpfflitTBly For the display eelectifin, at least 47 eKfMnces wore ana. 
Ijxed Sir ea^ bTjrwy. l^ia mmber of times a partieiilar anaac add waa 
fomd at each position waa tabdatad, and tha narj»aliEed wild-type/ 
motnirtftnutiandTalio./^'rWaacnladfttedfbrtaraiporit™ 
g=™i(rC33)(tealWe^^ 

™^ of mutalaa cf a girEa reaidoe oa biading sffiaity, with vahiea >1 
Jtiprjseafing di^teioaa mutations, Baautu of ifce reiotMy amaU 

thnal0^fiJdoafif4(LAi?>iO)arBcaaEidcn!daigaificant^ 

teij, 60 mMfiodrnm phosphate, pH 7 A fiO nui KoCi, 0^ mar aedimn 
ajad^ end GO m« l,4^0Hms aa ea iateraej chandcal abiil idennuas 
atand^^90ftH,0. 10*I),O. An00*S^^ 
Ijopbfliiatioa and rtanspeaaloa in 9a.&S6ft 0^0, NMR apectm wera 
ajimnsd at 17 on a Brute DHJffiaD epecfcmmcter eiraipped with a 
tnple resanants tttpopmbc. AIJ NHH data wens prott^ 
Mtbm 2000.1; Acteliys, Saa Diego) and analyted uaiog tha pwenHa 
Spar^mm 3.u^ Goddard and Kadler, tlni™^ of GalifoW 
Ma JTanoiacoJ. Backbtme resmimrp nftHt£Yittin»t a i|ACX,d2 wtit 
obtained frflmdoahlB sad triple nsaaanee oKperinjoabi Ja H-0 aohiticai. 
as desaOied previonaly [B4 and aea TaHa 3U. StateoBpedfie asSm! 
meotJi of Ifiitdne ffletbyi grtnqa we» obtainad ^ a ^H-^C ESOC 

fipedrma of a «C4flbeled amplo (3a Baddnaa dli^^ 
iHveatigBted Ig^ eaalynng the eteady atato i^HK^^tT-'NOS aa deaiaibed 
FOTioQaly<2a;38). 

M/SS^ ttafnuntB ware obtainisd iSmm analyvii of tho Mowtag 
NCJESYfipectwtims-diiBeaidonal ^H-*^.editedNOES7(2a0matEbt- 
m tuna} raeamred In Hgt^ iicrefrdlmanatonal "C-edited NOSSY OiSQ 
ms ini»ni tinia) msasansd in DjO; and tmniinienaianni *H*^HNOBSnr 
(IM mi nidng time) aeaaured In I),0. KOE pea^ 
oafly, sad NOE asalgnmaDtB were ohtabMd nsiag the antoaated NOB 
eeejgniafaii^gmm CANDHD (375 feOowcd try aemal rouada of etrm> 
t«re MiwTFttfmi m& KminiaJ mtniiitt cheiiiig; Dibedral angle ns 
ste^ were obtsined fcum analyais of thnse-dimeiuBaaal "N-<H 
HNHB end thra^dnnmEiQaaS "C-editadNOESy-HSQC (EOma aixina 
tame) iqiisfea. Bfiskhoan dibfidrid aa^ 

fliBJysia of biBidsme cbanrical abifiB wifii tlie progiam mos Ofix 
ffihedralrestraiata we applied fbrgwrf 

tba ant™edTHnge of *3l?- (far ±40' Cfcr 'Jfce final tt™bmsiw^ 
wIcaJ atsd wsmg the pogrom CNX t™ioa 2003; Aecabya). 100 atnio. 
tares waie cakolated tinng tarBioa aa^ dynamia fonowtd Carte- 
amn dyaamica and ariamieatioa. The 20 Htmctursa with the lowert 
r^^^vi^ca eaetKy were ebosea to rerpieficatthe oolatioa strw 
tare (Tame S2X 

One of tha diSercocEB betweea tho NMR eawinahlo ofTACLda and 
ttie crysid atnictijte of the Boiae damaia bocod to APRIL is tho ton- 
Joraintioa of Ibe G-tenssiaa] disomds (Qya^/Qya^X 'nms, a Beaaiata 

Btiamta bad the desirad effect oa asaSSde boad geomirtiy yet did not 

introdme aigo^ NOR or dihedral angie Ttatraint violatim* 

{rWvdafl9ofaOD3A,tt(dQJ6:r«peca^al7)oram^ 

m t^ iradtbom confannatinn (OJa O.Oa A hajdcbane r.nutd. fcr 

™daa ^-104 toaeen ttrectara with KME^lcnvcd iwtminia only). 

raufl tius differEMo in tonibnnatiim oeea for tha Cy^^/Oyu"^ disalBda 

bcoidmi^raatdlfiM the lade of cjpcrimmtal dihedral 
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tlAfl. tif TiACI vtuiimtit At schcmatifi of 
tlu domdn Etrcctsm of fu£-leagth1!AC3, 
Ita oltaausliTa spUco varittiit SLhortTAC!, 

Study, fl, ahttrtTAd am indota KPaB oo- 
Mim throus^i citlior APRIL or HAF?, 
Hucma 393T ceina wete cotnmsfeded 
mtfa tluittdic^tcd Ajntnmts tS apreaaiaQ 
rilrtftinHl BloQg wi^ 250 ng of HLAM4a- 
ciffimse npoitcr gess plafitni^ ^jj^ 2G eg 
of pHIrTBL 20 li dter tnuus&d^ te- 
jnrtcrgma activity waadeicitaljied witii 
tlu don] IPtifemM iiipmLcf Msqy q^Htem 




* J y ^ * ,j i,^ .-53 itjTj^ 



^ imitliaiajmEdaBnataiflofSaNOExefltniintaio 

Pnsditstim ond OyxtaUixaJim APWrRiavpSer Camptesa-^- 
?mL liB, m and 'EACI^da were rnmHtted ia bttfifcr A, purified as & 
coaspSa over saa S-75 eoIihbb ia hafigp imti i!™f>j*fttr ahBi=| ^ t ingM- 
Ciiyaials grev at Iff "C fixim dtting drops eentJimTng i ^ cf pcfotein and 
1 ;il of ttwrroirBolnHaa (70% rnirtliy^tana ad, Q J.K Hnpes, pH7^ 
Tha ooaaplac sf APHU* aad BCm-S was fest jmnSfid aver aa 

endoiirtrtaiBflfift CEMD B4n3Q«Hus«3, amJ lim wm^™ icptjrf* 
ficd DTK tha S-75 cohmuw APHII/BCMA ^acticas vcrc concentrnted to 
B.i msfcal GmtaU grmr at 19 *G fecm irittmg dmp «vn ia^w4*^£ i j^] ^rf 
ptutain and 1 ji3 af merroir salutian (OJ u HES, pH B.O, Bfi PEG SaOO. 
ondHHtPEOXCm 

oy^iok were crjwooted withmit 
my additi naal cn^jpnrtestanL Tha AFBn>BClHA oyHtBla wens fort 
tfttsiifcredto anaitifidalmatiharUqnaa' emtniT^^y ^^ rt i mr ^fpJ^^ p]^ fi {j^^ 
E* EECr eDQO» M% PBQ IQM, 400 saw WaC3, nnd 10 CAi^, pH 9 J. 
Ma Ifacr IiipiOT vm dowly fwhtrngEd for a ay oprotfictsnt mmiriiDfi cf 
tha iBoCber UquoTTritii 20* PEG- aw aad iihan Kxdiai V 
iiqmdnitrogHt ALSAdafcaaet pf AFEDyEACLd2 ttud ft 2.35 A data 
*$t <jf AFHErBCaiA were cdlected at a± tha AP3. Pxocesamff of 
tits APflH/^IACLclS 'rife HKL TBsuItiri ill a data srt w^^ 
3.a» (S59b in tha A shsUX 39.6ft comp^eteaws, 

duBdacty, end <J!trl> « 7,4 in Bpscs gronp P3j^2j, wliaireaa pnwess- 
ni; of tha APBE^BCl^ data wi£b HHL (3S] Kimlt^ 

6u7% (43% in tha 2,43-13S A ihelO, S3.9% cumpJiteeaii, 
fbld ntdundimcy, and <iM> » n.7iaepafic gnmp P6t CPaUa 34t Tta 
Btntcimes -Hrsni Ksired try laalccaiar icpkcfineut wia tJm progittm 

vmsff tha strudmo of AHBIL dotu^ (H^B aide lUSZ 
taadx nuxJel fcr the AFHI3>TACLd2 data, imd tha icSMd AFHIL 



tdfflsr ttsrdiaates &om iimt ccRSplax aa the laarch modd for tiha 
APfiE/BCMA data. Befianmaat of harlib aiiucturtM perfbtmed with 
tiia pi^gmn EEEMACfi (40) and meinded M leftemat tmd NC33 
ratndida imposed ocpimiitely nn APHH* imd 
m JZ/Sft, qf m7/20.S« far tOus AFBK^TA£ILd2 Btmctm and mj 
J2ffls« of X7,a/2La9t &r tiha APHH/BCaiA fftmcturtt S4i 

'SWi^!ACrj^ jUtemiiiue^y SpUted Porm iifTAOI Con- 
btrtir^ (J Sfflgfe CHi>--Aa part cf an attempt to 

a aplics vanant aflmmatt TAC3I whErem i which cncodeB. 
t3« £iM CRD in tha eitracellijlar t^nn^ wsa replaced by a 
singlB residue, Tb^ polypeptidE gEacrated bs" thiB altEmafcrre 
Bplicb^ event CflbmfEAC3D cOTtams tlio firat 20 rasidsiea of 
TAQlf a tryptophflix reaidtie in place of 47 Ji^sidoES that encode 
CIfiCl,thffiithfi refit of thaproteiaiM CHI32, the traas* 
Tnrrmhr acfi, and the intracaHulerreponfl (Kg, lA)* idenii- 
cal ffphce variant was also rejrtirted in tha publii; GcnBank 
( arrP B Sio antanher AAPe7629}. PmuniaJy we bave ahxjwa that 
fftimnktbn of TACI by ita h'ganda APEIL end BAPF can lead to 
adivaiinn of NFkB m vitro (10). Interesiinet?, wa fiirod that 
shjBtifSAUl waa capahla of mediatinff NFjcB activation by either 
AFHIL or BAFF (Pig, IB). Hia asaay dependa m cotranafectinn 
of tha ligaad and recaprtoTj hennw tha eitent of aJgnalmg ob- 
eervad wiE depaad £n part on ihe relativa tranafGciaan effidea- 
das far each gena^ TheTSforB, quant^tr*e carapariflons canimt 
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Rtt. a APRIL aca BAEFbrnding Jjy tACI mnriimts. CompetiirvTj 
aarfacfl p lmmocm resnnfitice oaperiiaaata to mcMura hiaJhag in APSXL 
ffl* BAFP perfimaEd o* described imdnr ■EapcrimjatBj Brwe- 
durea.* At emrr|ietitivfl i nlubiiioa of AOTL hiotUag tc BCMA-Fc by 

T^dm topt7itrxaAgha).B,lQto't^^ cmapejattvti biaiirw to 
AmLai^BAFFaTBobjwimatlicioewicf tro CEACLdD or titr« 
{TACI_ttld2; aiACl^d2) tndepcaidoct ntpfaimentB. Aa asiaitk (*) iadi- 
cfltes tltat nn iBtumiba ™ cbsmtd bdwtMjn HAdjH tad MFP 
bul tbft bindiDy cam ctmH nut b« fittea adequatoly tq dcrfro an 
afsoTtttslCnjTalat 

be Boade from £hig expgrimRnft, Bbwover, ths olja^mliaii of 
BAp- or APREi^apei^ent WkB arfiTaticii hy BhartTAd 
inditatea that 11^1 ORDl is not required fbr Hgmid-dependant 

mClJ2 h Suffident fbrBgh Affinity Lisand Binding 
Gwea fliat efcmrt^EAni contaimng mily a wiT ig]^ CSD -was capa- 
IlU> ofligandHiBpfiiidRat fiignnlmg, tbs abilitiEa of & ijidmdual 
CBIfe dTAOl CTACLdl, TACLd2) and a coxmtnict ccntaining 
both TCACI CEHDa CEAGLdldSO yrm evaluated fiir tbeir abdU- 
tiea ta bbd APRIL tor BAFF CB^ ui By mufeca pkamtm 
reaonanm campetition eapernumits^ the 43-xesjdua TACLd2 
fragmeni wtia found to Ita^ Hgh afEirity &r bath APRIL and 
BAFPaCa, = 6and 2 nst, rt;ap6ctivB!jT Fig. 2). Moreover, ths 
addition of GH3I {k the ccntatt of ths TAOLdildS fragment) 
did net «nfer additionnl aflSnity over that meamiisd for 
TACLd2 ahme fbr eithEr Bgand. In contrast^ tha affimty 

waa BiibstantiailywealEarthfla that pf TACT^tf!! with 
IChj values in tha inicnmnilnr range, for bcth APBIL and BAFF 
CHg. 2)» Ccmpetitive eniyiiie-linfeei isnmnnoaoitient aesaya 
confirmed that TACU„dS ia atjfBdent for hi^ 0^ 
birth liganda^ witlt no unprovEment in ^^i^t^^^g witi&i TACI_did2 
(data net ahnwn}, 

^These results are ctmaiatent with tJioaa i^pejrted previaualy, 
where Kim rfni (24) found that e^udi drTm»m of human TAC3t 
waa tapeiik cfbmdin^ BAFF thnm^ its tBBpetArro SX^ 
(whenmeamued in iha conteatt of Ft fusion prctdna) and that 
mutatian of brfh BaiL motife in MI-leng& HACl was lequired 
to elhmnate BA^ binrifng aa detected qtiaHtatbe^ by cmm* 
manojiredjntatian. Our int^rpt^tation diSers ten Kim and 





sei^fi cf 20 -EACLda modfilB showing backlitme tW. C<r, C ataaa) of 

anpfiffla diBctrdtr df thcaa nsidxm comparad with tha cmtal strms- 
tme. TtB sohtfiwi NMR modal* (wAita with jeiJoiff salfhr atoms) ate 
EijpwiyjMd CW, Co, C Btama of rtaidaas 7S-i04) with ths Ihna 
TAQLt iacaffia fl jireaeat ia iha aajmrnatrin miit of fiia APHiI/EAC3Ld2 
t33flrtal fltruiiurs tahadia of 6Ius with amn^pr aolftir atoma). itotd- 
I'^S'n gfa'gto of TASILda. HEEiduaa Jmpoitaat fin- biadiiur ia 
HAFPCiiM, ABBOL (grtm\ct)so^ tpink) baaSi flj^tgwa Smo' 
jcffign|ff > i{n i«,ahflmL Ncta ^ tids rT.i,m, 

£Aap"p Lms« aiu3 GU«3 an eipt^ 
ebam amfajmationa are Bst well iTi^H In tha enacmbla. 

co-workars (24)^ howevar, becanae of iiia fiftJing that TACLd2 
haa much higher ligand binding affinity than l!ACLdl. Pur- 
thermnrB, tha DIL motif ia not cdnaerved in murine IIACI 
CSDX C41). Therdbt^ in the context of the fuU-lecgih raceptor. 
theae data auggest that the mambrana^proximal cm}2 wiH 
ca^jpy ti^Bni^xeceptor Hnding eitB on tha ligsnd, with CRDl 
providing rainimnT addiHanal binding energy. 

Saturn Structun cf TAaji2~Th& adntifln stfuctura af 
TAca^d2 waa datenninad by NMH apedraacppy as daaciibed 
ut^dar '^arfmental Prtjcedurea* and in tiis Sujrpkmental 
material CTaHea SI and S2X 15^ enEmhla of Oie 2 0 etmctures 
of TAlXd2 having the lowest restraint violation energy (Fig. 
ZA) fihowa a wdl defined core between rasiduaa 7B and 105 
{0 J2 ± G.OS A avatnga r.m^.dL to fha mean ascrdinates fcr H 
C hackboi^ atoms), with resito at tha N and C tmm^ 
being pooriy definai rB)-"N hEteraaudeap NOE valnes indi- 
cate that rcaidi^ at the ertreana termim {residuea 64-70 and 
106-109) are flEdhle on the ps-na time scale (B& SU. 
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Structures ofTAClAPRIL^TACI, and APBIL-BCMA 



The diBtrato cf reaiduea 71-75 in tha mambkia thexcsnH of 

of amfarmatianal iLsterogtoaiity m a ^us-ms timE scab given 
tha broadnaas of sumy of the peaks fbr these reaidnea Thia 
also adcjpis veiy diSerEnl cmionnatimia in the threa 
TAOLda cMnfl present in tha aflymmetric unit of tha 
AFRILTACLda ftystEl atrGctura Caae bdow; %. 3A}. 

The overaa of lIACLdS ia flimilar to that obaetTEd 
vinufily &r tha related Wm BCMA. (25) and caasistB of (wo 
mjlrmoddafl: an N-t«minal atrai^ cannected Id e jS-lmiipin 
(residuas 76-83) with a ^^pe 1 reveraa torn Hmfai^Tvfp g tjia 
conaarved ItXL imrfi^ and a abort helii-laop-hdii auktmdula 
cimsiflting of a ttmi of 3i(j-Mi3t Obl^ rasiduaa ^-82), an ^Tf***T ' 
vemag Jocp, and a diBtorted atmnanal Viifi^ 
98-10^ 05x3 diadfida handing pattern ia alao similar to that of 

BCMA: ana difiuBde hand CQj^^/Qys»8) camiacta tha N tami* 
nua to ths j^haitpin, and two diaaHda bonda {C^/Cyn^, 

The baddi™ of tha conaervsd im* loop ia wall Hpfi^P^ 
(0.13 ± Om A backbone rjo^d. for rasidnaa 78-87) and an- 
perimpt}^ nicalymth that of both BCm Crjn.tt.(l 0^8 ± 0.04 
A for reaidnaa 13-22 of the ai^t cppiaa of BCMA; IDQD {2B)) 
and BE3 Cr-m^d. 0.56 A fer residues 24-*33; XOaX rapraaant- 
ative atnicture (23)). TbtB aromatic aide fJ^nm of l^™ ^ 

orderad in tha maemhbandia pcdtxonea aboTB tha hairpin 
equivalent eromati!: residua ia present in BCMA and BH3 

(Fha» in BCMA and Fhs™ in BB3), EnaisBtic attidiaa of hait^ 
pin fitabrnty haro ttuggastad ^ a buj^ hyrhxjpkibic or eiti^ 
inatic ffida chain at Ssia poaitifln dan atabiHee 
(33^ 43). ISiara ia a weU ordered hydri}phobie imo fijnaed b^ 
aida chains of Fbe"^, M\ He"*, and Pm'^, ^a eida chain of 
Ha SB also weU dafinad and pedta into tha interinr of the 



.1 




i§BgMia$M.SI.3dgS.§II 

observed Mdi of tha Ecanned pcsitinM in I^Atll^FSSEiinHl ft™ 



C-temunat eubmaduIsL 

MuiatianalAmlysis af7MSj2^ cosnbinatiirtal (ahotgim) 
ahmine acan (32) of TACLd2 was used to detenmna tha ap^ 
parent oartribMtifln of individnal aaiina acad aMb f^Binn to tha 
Hnding of eithar APHIL or BAFP. 'nxrta diflarent librariaa 
were gmraled to allow mutation of reaidnea 72-109 (eicspt 
poaitionB tha wild-ij^a residue ia qyateine or alaniisfi) 
TOd-Erypfi codcoB wers replaced by shotgun alanha codims, 
allowing Ttaiduea to very aa ths wild-type ftT^nn p^-^ ala-^ 
nine. For poaitiaoa whm the wild-type residua is Arg, Aan, 
GK Ha, Lea. Phe, or llyr, the ahotgun codon allowB two 
aMitiflnal endno add Bubatitutiona (32) (I^bla S3i Siimlflr 

aii^^yses fiff BH3 and BCm binding to HA^^ ajod/or APm 
were lupurlad previaaaly (15, £3)- 

A total of 12 HAa redduea x^ted in eignificant ksa of 
flffim^sr &r APRIL andAsr BAFB" whanmutBlad to ^^^^h^ (Kg, 
4). Kuiae re ai d u BS map to a csmcaTO mufeca on tha 'EACLd2 
atrxwtare and ijidicata that both aubmodulEa of lIAC^jd2 ^ 
important for ligand binding (Fig. m. Sevenieaidueg fenn tha 
BXL haiipin ahcfwad dgnificant eSecfca, induding both the D 
CAap"^ aod L OUu*"), which are clearly essential for boai 
APKHr and HAFP binding bccauae the wild-type residue waa 
aiwayB aalanted. Lau*» at the tip of ths j9-t«m was alao rela* 
tirely intderant to Eubatittttiontry alamna fiir eii^ 
BAJ^FHiuHngbat WEB frequent^ ioplai»d by valine, aapedaHy 
for binding BAFP (Tahl a S3). Furtheramra, a hyditFpboKc raa- 
idue at pcdiinn B7 ia clearly important, as only isoleiicino (tha 
wild-type residue) or valine waa selacied lor tfttu^mg to both 
ligandB. Besidtiafl feom the Oterminal submodule indnding 
those ibm hi CBe"^ and the hlhS loop &tssidnes 94-97) also 
showed wntributiona to binding 3B}. In amtraat, thehlh2 

laop of BCMA was not found to ba importattt fbr Uganid binding 
(15), whilfi this loop ie essantLally absent in BH3 (23X (Sy** end 
Bia^ might play a role in atahalizing ths structoj^ given that 



tha j^cms ^opta a paarthe phi value (which woiild not be 
read% aoicmmodatBd hy alamne), and HisW ia buri^ 
TAC3I^d2 atnicture, thna baa of bfaiding upon euhati- 
toHmi of these resHuea mi^ be tha result cf indirat e&dB. 

Bowarm, Ghi°* aM Pro^ Hno the cmicttvB Burfaca omCLd2 
tod could ctmt3dbnta diiecay to iigand Hm^^ 
Hnaljy, aaveral poedtinnB ahowed different on ASEIL 
and BAFF binding and are likely to be involved in ligand 
epaofidty. axampla, Fhe'Swaa finmd to be important oah 
f» APRIL binding Cf* « 29 fiir APRIL and LI &r HAI?^ 

whereaa miitatton of Aig^ oniy ahofwed lossea on BAFP bind- 
ing CP™ UfcrAPBlLttndlSfcrBAFF). 

Stnxstar^ ofAPSIL Bound to TAdJ^Tt^ nyatal tttmc^ 
to of AHUL in compkr with 'I!ACt,d2 wea datert^^ 
Argaolution by molecnlar replnnment and reEned to mBJIL^ 
f i^pectively (Hg. fi, Table Si). Tim stmctuj^ 

the APRIL mmponaot cf tha complex ia vtty ^Wfr to the 
stm^ of free APRE^ ercept that aevaral loopa CAA', CD, 
and EF) are orderad in the compaejc, which wew eite diaor- 
Tn^rrf ^^m^^^ 0x6^ fftfuctoreB of free APRIL 
m. The bound atruirfcuie of HACLdS ia ahmlflr to tha KMB 
fitmcture (backbone rjjxaji of the feroa chaina ia tha eaym- 
metaic unit to tha mean mSS. structttta ia 0.74 i 0.06 &r 
TEEiduEa 76 -10 4). ^ever, tha h2 hs^ ia h nger in two of the 
oystaHograpihic chaina (Fig. 

la gena^ teima,TACI„d2bindaAPaiLinamttmiHr similar 
to tha way the hnmologcua receptor, BCMA, binds BAPF (25) 
m motif fbma a hydrophobic ridge with tha two laudni 
r^oes (82 and 83) at tha tip of &e Em tnm neatlBd in a 

backhona of residues fonmng this pocket ahowa only modest 

changes from the atnictuiiB of APEIL alone. Ijq contraat. the 

£da chaina CPhe"^, Thr^. Arg^, I^yr^, ^ 

arm the "^riDa* of the pocket; ttTB more 

laiafatheha: of TACI, hi, contacts APBIL t^ues 194-197 

^ ^^«P lo<n>3 on 

APRIL (EF, CD, Oa, end AAa 

'Hia APBIL binding sarfeca on TACLd2 encompaaaeg tha 
entrra cancava auriate defined hy mutageneaiaj ^1,700 are 
buried in thia eitenaive interface (Kg, 6A). the finaotionaib^ 
imgirtarj Tesiduaa, Uf, Leu» and l^^in tha DXLhSS 
m hi, and CHn" and Pro^ in the hlhS loop, foiia 
^^dormnantly hydrnphobtc eur^ thai iuterads with APRIL. 
Only Aap*° hi tha I12L motif and Gk^ in the hlh2 loop 
partidpate inhydrogen bonda. Tha backbona carbonyl of GSa** 
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whrnraa tba Bfl3 ferwi) stmrturr a frum iSut iftni=ttt» fifths BAEP-SHg (^^^^^Ss). ^^^^^ ^ 



forms a hydrcgEji braid to tJie backlwaua eTrrii^a qf phgi^^ 
wharsEa the sida chm catbtmyl furmB b^rogea bondB to tba 
efuanidinitim moieiy of Arg^"' in the EP loop fojm air adjacent 
pfflf amfT T 6B). Fttiliiennnz^ the aide diaiii ami Jegrmipfrf 

APHIL CD loop and Met"^ in tfaa EF bop. This nsstmnk of 



tydxti^ btmda likaly contributes to Htab2icmg the mforma^ 
tjm cftba APRIL CD andEFlaqpa, T?Hch er^ poorly ctrdsredm 
the abesnce d rtxsptar, Nerthsr xeceptor itddna IVr'* nor 
Hfl^ intexEriB direcUy with AIML, heni» both ara Ifcljl 
uoportant for bmding becauaa of iudiract effmrfa on protein 
Htflbdiiiy, In coatraat, Ebo*^' pnabaHy baa both atnutoal and 
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Structures afTACI, APSIL-TACI, and APRIL-BCMA 

APRIL 




B 






snrfeees. Reitdnia in tiie SnfaratB am colonid bv aseoA iitmar-ngK^mm^,^J^^!r^lj ^ZT^?^ of Bt-MA am lendoBd Musofesalar 



fimdiaoal roles: St doeaiiirtbuiyciEmficaistmirfeceareaCaA*) 
but betpa podtitm Plw*^ of APEEh m weH as i^stricta the 
tdatiTa oiiBntaiion of the two Stthmodules of TACLfiS. 

Sfrucfure o/AmZL jSiJund to BCMA-l^^i^ tiie feet thnt 
^CI eocodea two CRDa, tha etnicturai and fimctioiia] rsauits 
discnaaed abtjve atgae tot" ligaad hmakg by TACI can be 
ttcconiited for by a ain^ dmnain to that of tbe gx»g!a 
CRI> ^tRitimg receptor BCMA Bence, to compan diiEctly 
tJieinieractiima p^nrided by TACLdS witii thoee ^ BCMA. 



TTB dEteroamed tha Btructura of the APHH/BCMA complfix 
^5 A rcsolwtioii ^fh rxx JUR,^ of I7.a/2L3% (E^, 5 6iid 
TaMa S4}.aieetTUcttOTofaiaAPiaLtriOTeriaidea^ 
two cmnpleifia wi£b the esaaptkn of a ihw aolvBot enpoaed 
reaiduea. lOia secondaiy Btructuxal demEnte <if BCMA are aim- 
Usr to thoae in TACLaSl, but the rtdative orientatioii of tJis 
heU(^ with iBspect to the im hfidiphi di^ 
memficantlr different arofeots bamg presented to the hswxi 
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porfEonfif . Skfft^ of ^ ixasble Btepa m 
tbe enhtiaD of BB3-l£ks; BCUA-inis, 
and imiHij^QiaQm TNPE'likQ receptors 

TlATI-lika l ea ^jLaja two CHDb, ana 
af yhiah fa lesa fimdannnli laay repita^t 
ft dtiaa) Gtep betwcaa $uig!lfr>do9aiQ and 



Ancestral 
CRD 



EVDhJtlonaiy 



Drift; 



ona dpAkln loss 



The fitnictoTQ of BCMA and iks ligazi^ ^r^^mg modQ in tHs 

previouHly t26)» witli -flia ejccejitiaa of tiia Mh2 hap. Hie 
rjn-B.(i betweea BCMA in the two compleaces iB 0.8 A overall, 
0-6 A if TeaiduEB 29-34 et« es^bded. In tba APSIL-BCMA 
structuTQ, BQMA reaidnefl 29"^ i^t^ Via m^im extensiTe miar- 
adicna with I^GH and AA'loopa of APJSXL than does BCMA. 
wSh tihfl cacrcspomiing perta of BA^ in tha EAFF'BCiJA 



TifTMAlrin^B APRTT.witli n^gnTfifq^itlyh^^^ affinity thflriit 
feinds BAf? end baries mtnti Bnrfece arm TTto Iwtmd to 
AmL (l,60a A") than wliBn bownd to BAFF (1,300 A^^J 05%. 

TSie eadxa imiied aurface area is omtributsd ty both thfi 
Hgand and ths receptor* From the receptor, Lmi^, andxeaidaefl 
31~3S fli! contribnta dgnificantly naora Bur&ce area in cotnplar 
with APML thaawhatiljoamd to BAS^. ^nmsexeaidnEia ctrntact 
areas of APRIL which ore dij^erent in both sequence and con^ 
fcmiHtian firajn ths ccrresponding ragiDnfl in BA^ fnrl^^^^mg 
tha tip cf thfl AA' loop (reaiduEs 120-123) and iha EF bop 
{reaidufia 134-199) t?iiere Ebera is a 2-re5idiia iasertton in 
APEILwifhrespBcttoBA5T\ - 

DIBCCTSSiaN 

The MeiTi^iran&'pnsirTUil CRD la the Bigh Affimiy Ligand 
Bbtding Domain of 2*ACr~-Wa havti ahovm that Uia aecand 
CSD cf mOI CnACl,d2) bindfl both AFRIL and BAEP with 
hi^ affinriy^ whsraaa tha fntrt CRD does net Purfhannore, 
idodki^t^Eitharh'EHndianntanhancaibtythe additUmof^e 
first GRB, B3 wouEd be present m iiia artracellular ^tmain of 
iha fhB^length gana product CoasiBtent with iha mainhran^ 
pxcrimai CMJ2 bdng tha primaiy datetmina^ 
ing^ WB found that an altamativeSy GpHcad form of TAd, 
shmflACI, which Iwt^ CBDl, can iaduts both APBIL- and 
BAI^'^ffnfat NFkB adivatiDn in trenaffected ce3ls. Gimx 

Kda. TACI aeama to flharempra flbmiflrifcy in ifca Hgflnil Irinijing 
propeiti^ to tha i&om tmnmial mambeiB of ti^ TNHt £amily» 
B^I^5A and BRa, than to the mdtidomnin TOT receptors mdi 

Siimkmii^ md DiffBnmees among the Receptors fbrAHUL 
and BAFF-^k Bwpsr|weitioii of OlACLda, BCMA, ai^ BH3 je- 
7eala i pmnrVnhlR RtTnflai ify ia tba structura ofthoIlXL hairpin 
in the N-teminal snhmoduls of the domain {Ftg. 5C}. SigniS- 
cant di^DTEncefl are apparent, hir wavt j j in th^ O-tanniaal sub- 
modnls; the Bacondary fltmttural alamanta in. thia regimx 
loop, and b2) have d^arant rdstiTe arieatatum^ in TACIji2 
and BCMA aiul, with the exception cf hi, are nusssn^in BBS. 
For mrpmpTp, although tha TAGL^ and BC3MA hairpina su* 



perimpoHe wall, with e bacikbona rjn,B.d. of 0*31 A" (reaidnEa 
77*- 88 and 12-23, raapectiTOlyX lha overall bacfcbtroe rjjwid, 
fur tha rinnmSn ia L6 A. Impartan%, thafie diSerenceB appear 
to ba a poroparty of (ha difemt receptors thamadvaa and not a 
pTodnct of a ligand-indueed confbmatUmal channa given that 
the Eoitition atnictnxaof Scee TACI^d2 and the crjatalatractaro 
of TACLd2 in campleE with APREL are easaatiaJly tha sams in 
thia »gicn CB^g. aA)^ aa are tha atxiwturttfi-of BCMAin waupdex 
with BAFF or AKBaL. Such differancsa in doinain atructure 
indicata that ftltbnngb aB thres leceptoacs can interact with 
^atrtflflpectivaligandB in a alnnlflrMiifln ttrmngH t^iafr nyj^ 
motifb, tha ihterastiona thttiugh their O-tarminal auhmodnlea 
wiE di£^ and HkalywiH dictate ths rektiTB affinxV arid apao^ 
ifiniy among ligand-receptor pairs within tha ASWJMFF 
fkarfty. ?ar eimnpLlB, Arg*''&Qm BCMApacka againat the 
region of AHHL as Pro^ fitan TAGLd2, despite tha feet that 
thay are in a pnrimaxy aecpaanca ailigon^nt by 6 residuaa 
CPlga. 5B and SO, Furfbemcin^ Gb®' in TACLd2 makea ai* 
tsnaivQ contacta with APRIL and yet haa ju) counterpart in 
BCMA 

AFBErlUcsptor Complexes Compared with BAFF^BRS^'Iha 
APEIL-receptor interfecsa, alfhongh eirmlRT to HAFP-BR3, 
maka aigxd£cani contacta bayond thoaa mediated thrmigh tha 
Xm motit In BAF!F-BE3, lha IKL hai^ makes the majority 
of Tecopbor contacta {^75% of tha bwied aorface bt&x f^^^ 
ntedby tharaceptax) (24, 26); wiiat^ inbdh the AFttllrTA^ 
and AFRE^BCMA cmnplexaa, tha tecapFtcr HXL hairpin can- 
brihutaa tm^ "fiOft of tha total brrried ani^ca area. Doddng 
BH3 onto AHUL ahows that tho BH3 haiipin could be accom- 
modated r^adih with no istetia ckabaa and result in on intcr- 
fece of -*l,00O A^ (~BOW firom the DXL hairpin), yat BR3 does 
not bind APBIL Inftaad, APEXL aeama to r^qoirs additional 
contacts £:om t^^asr portiona of tha receptor to £irxn ha^ a£Sn- 
ity intaradicna. The partial CHD of BBS doea mrt contain tha 
second aubmoduls end hpnre camu^ provide these contacta, 
Furthennors, one of the key APKlL-specific bindin|f daternii- 
nanta (Fho^ of TACI; *IyT^ of BCMA) idantiSed by alasdne 
acanningis rwt tonaexved in BH3 CFig. 60. 

AnExterisiut ligand Binding Inierfixe Presented By a Single 
Mestptcr CRD^TACU2 diiSers ten multidamain TNFEs by 
naingmostof its CKD euxface to contact ligand. CFtg. 6A)» Intha 
case of IJKFEl and DP5 m ccmplax with their respective B* 
ganda, tha meyarity of tha ligand binding intercctiona aiem 
&um ana loop firom each of two adjacant CBDa Canalogouato tha 
hairpin in BAFF and APEIL receptora, althoagh dii&nog in 
length and mnfon naticn}, and both CHDa era reqmred for 
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ligEmd banding (44"47). BRS dnea not d^vtsia frnm this ap- 
pitsacli ia that contacta are jnada primmly firom a sm^ ra- 
ceptor loop, eEspt that it manflgea to generate high afSmiy 
BAM^bmdmgtiiiBughiateiBctiDna wjiij one receptcr dojn^m» 
Howsvar, TACLd2 bmdB APHE, camg a fsmtiisinjua Euriace 
fonned by TBsiduEs feom every secorwtmy stnMteal eleniBEt in 
the domain. In fio dmng, the APHIt/-1!ACLd2 interfece (1,700 
ends up bdng FthmlnT in ovaraH £1£& to TTi Tlltil^QQlSfliCl 

A*) xet only occapifie a focused regsoa on the ligasid Huifeca. 

Afodei o/ihtact TJiCr_did2— A hsmdl^gy modd of mCLdl 
WHfl gaienited baaed on tha stmsinre of TACLdE. Bxanasx 
TACLdl ispTgdidedt&adopt a mmif nr IMj haarpn fia3d thj^t 
coiiM hind Hgand ia a ft^on aiimiflr tD that seeiL ^ 
AHRIL btBAI? rBceptcra. tACl^dl is ako predicted to Bhara 
tha salens disidEda connectiTit^ and hftTicftl Qeeandaiy structm^ 
ibr its C*tenninal adanodule. However, the hlh2 loop, which 
jnakss kay contadB with Hgand in the APEE/EACLdK CQta> 
plsf, diffizra in length ^ aminn add Eequence betvraan TACI 
doinHinfl C%, 6C?). "Ilaixg, tto thangefl BIB likely 
HiHe for the lower affinity of TACLdl for Hgnnd hindmg. 

Uaiug Una model of TACHLdl, a moM of intact TACLdld3 
waa coustracted. T3m eanneciann betwean tha two CBDfl in 
TAd coaaists of ibur residuaa, This ia diSarant firoajx othtar 
multa dfrmmn TN^whara typically there are only 1-2 rafiidTiea 
hetween iha laat cysteine of a CHD and the t;;^ste^ 
felh?w5»g CED, withthasB ixdcixm tenin« part of a ^trand. 
Tha caanedioa in TACT ia unHke^y to fern a p-atrand bacansa 
tba final cyatema of CBBl ia ^attad to ba part of a wmRn 
belie, aimikr to that of TACUI5 or BCMA, With txc^ertainty in 
tha canfbmtatiQn of th^ cotmecting linker, tha lalatiTa oriaDta* 
tinn of tha two CBDs wUh ^pect to eai3i other is difficult to 
predicL One could model ORDl such that it tmuchaa tha Kgand 
m«fttx« wMla CRD2 QccupiaE the primair rei^ 
HowavET, hecanaa tha addition of CRDl Jt^i^a no fiirthar bmd- 
ing- energy compared with that of CED2 alone, CKDl diffis not 
likaily make extenai^ a contectB to Hgand. 
. Baajnte tha uncertainty in the orientation of TACLdl with 
raapBCt to TACT^dS, aama sjodala of possible interactinaa of 
tvro-'dnmain TACn with Hgand can be rakd out on tha bft^ 
ateric coaaideratioiiB. Doc&iiig the two-damaia canatract of 
TACI to BAFF {H3B coda lOQD} (30) indfrateB that tha hy- 
potheaiB raised by Kim and co-workers (£4) tirnt TACI rtiight 
biidga two binding dtaa on a^'accat trunarB in the hi^^iar ordar 
viras*like BAFB oligomaria physically imposaJhlB. In order fur 
CRDa 1 and S to bbd pockets on ttt^facent HAFT* triineTa 
aimdtaneouslr, tha final CHBl cy^teina CPya^^ would need to 
he -30 A fimn tha fiiat qyaieana (QyB^) in CHD2, which h 
farther than can be spanned by tha i-raaiduB (^*BSL3''°) inter- 
domain linker. SimilaHy, TACI CEDa 1 and 2 canaot aunulta- 
nemialy bind in tha aama manner to two different APRIL (or 
BAFF? protomera within &a aama trimar as diat^Jica be* 
twean tha C-tenaiaal cyateina of CRDl to tJie N-terjainal crys- 
teine of CRD2 would need to be ^40 A^to reach tha bs^ Mni^m^ 
pocketa* 

TACL' An Intvrmsdintt isi ths Evaluthn of the Multidojrusin 
TNFR Superfm»ly?---''Desp.t^ the presence of two CEDa in tha 
human TAOI saqnance, TAd appears to function lika a am^a 
domain rece^ requiring only CRD2 for high affijcuty interac- 
lioiis with dto of its liganda. Tha prcaei«e of two domaia^ 
eechwith a DXL motif, ie likely the raault of a gena dupUcatdon 
e7Ent that added a aeccnd copy to an oiigiaBl HJX-cociaimng 
aingle-domaln recapton In tMa acenario, the a&litional donumi 
ia not fonctdonaDy required for ligand binding* thua r wri ri.^ 
mTita.ti8nj could accumulate in CRDl over thoe such that it no 
longer can bind ti^tly to either APRIL or RAEF* In this 



context, CBDl would be considered en mlntionory remnant. 
Conaiatant with this hypothasia, tha I13GL motif is not con- 
sar^ in murine TAjQI GEDL "Eiua, TACI might recapittdate 
an early event in the avdution of the TOER auparfemily, to 
transitiQn from one domain to maoy C^g, 7). In an intemedi- 
ata atep, represented try "EACI^ tha extra domainia) are only 
partially funciaonal hamff not yet evolved to recognise differ- 
ent artea an tha Hgand (althou^ the fomsl pa aaihility remoiiia 
that TACI CRDl could play another, as yet uodeSned, role). In 
other TOPE femi^ merabete, extra domajaB have been opti- 
mized to fenotion together to form the aSnity complex. 
Additional CEDs can hava rolfiE ia providing atability, regula* 
tion (42), or in fanning ^irtor contacta to the ligaM to opti- 
mise a^mty and spedfidly. Thua in the atmctuTEs of tha 
racaptora fer AEMj and BAFF, two cppoainff evolutionary 
Dptiooa are repreaantad: 3R3 ahowing the TnimTin'mfa'^Tf] qf a 
canonff^l CED to an even mora compact format and TACI 
ahowing a possible intormadiate in the evolution of laxgar^ 
mora cothp Ift , mnltidoniain protaiaB, 

Ac&iflwMsPfMtti*~-Wft think Detmne Caajmaa Earinitml crystaHi* 
xation tri^U {jf Ihe AFRHrieeqitar cmuplmcEfi and help with T-itj data 
gJlffltioai Waytia FBitbrothfir & h&lpGiil ducosaiaiis; sod toambent of 
thoDNA^jiEllifa^ IlK/l wqaeodng, N-tenxdjoal ft^T ^i^p^nn e, imd maaa 
GpectrcmetrygiOBps St GeaeateduHie m& of APS beamlme ISfBM waft 
sttpjittrtad by tha Unitod EtatiH Departmeat of Energy^ OBi» (tfSnersT 
KesMancb, onder Contact W-ai-10a-ENtxr3S. 
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Table SI. NMR expedmejils used to characterize flie solutioa strMime.of TACL1I2 



Expariment 


SF 


Dim* 


Nuc, 


NS 


SW 


Points 


lb 


Ogset 




(MHz) 








CHz) 


(con^lex) 




(ppm) 




600 


1 


N 


4 


1275J 


256* 




118.0 






2 


HN 




B620 


4096* 




4.92 


5Q0 


1 


C 


4 


4032 


512* 




32.4 






2 


H 




6250 


2048* 




4,86 


TOCSY-HSQC 


60O 


1 


H 


16 


S024 


128* 


69 


4,92 






2 


N 




1275^ 


32* 




118.0 






3 


HN 




S620 


1024* 




4.92 


NOBSY-HSOC 




1 

1 


H 


10 




128* 


200 


4,92 






2 


N 




1275.5 


32* 




118,0 


HNHB 




3 


HN 




8620 


1024* 




4.92 


600 


I 


HB 


32 


5760 


90* 




4.92 






2 


N 




1275.5 


32* 




118.0 






3 


HN 




8620 


1024* 




4.92 


CBCA(CO)NH 


600 


1 


CAB 


16 


9058 


29* 




44.4 






2 


N 




1340 


30* 




119.3 






3 


HN 




6250 


1024* 




4.93 


HCCH-TOCSY 


60O 


J 




8 


4202 


128* 


25 


4.93 






2 


C 




4854 


42* 




32,9 


'^C-editedKOESY 




3 


H 




6250 


2048* 




4.93 


600 


1 


H 


16 


5768 


128* 


50, 150 


4,93 






2 


C 




4930 


32* 




32.9 






3 


H 




6250 


1024* 




4.93 


*H-*HNOHSY 


600 


1 


H 


96 


5763 


400* 


200 


4,93 






2 


H 




6250 


4096* 




4.93 




500 


1 


H 


16 


6510 


2048* 




4.92 






2 


N 




1014.2 


12s* 




119.3 



11/8/04 



35 



Table S2. Statistics for the Solution Structure of TACLd2 



Parameter 


Ensemble 


Input restraints 




NOE Total 

Intra-residHe; Sequeadal; Medium-iange; LoEg-iange 


466; 

124; 95; 123; 124 


Dihedral Angles Total 


1S8 

40; 27; 90; 25; 6 


ViolatioJis 




KMSD from experimfiatal restraints 

NOE-distance (A) 

Dihedral O 
KOE distance vioMoBS 

Nnmber>O.OlA;>0,l A 

Mean mEximum violations (A) 
Dihedral violations 

Number >0 J" 

Mean maximum violatioiis {°) 
RMSD from idealized geometry 
Bonds (Aj 
Angles (°) 
Impropers 


0.0045 i, 0009 
0.18 ±0.04 

12.4 ±Z4; 0.0 

0.04^:0,01 

7.8:fc2,3 
0.72 ±0.24 

0.0009 ±0.0001 

oja7±o,oi 

0.12 ±0.01 


Energies 




Energy components (kcal.mor^) 
NOB {466) 
CDIH(188) 
Bonds 
Angles 
Impropers 
Vanbder Waal's 


036 ±0.12 
0.09 ±0.06 
0.70 ± O.I S 
15.34 ±0.96 
0.88 ±0.15 
8.06 ±1.74 


Stereochemistry 




Kamacbfindran(%) 

Favored; Allowed; Geaerous; Disallowed 


66,8:31,6; 1.6; 0 
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Structural precision 




Mean KMSD to mean structme (A) 




Backbone 




Residues 76-104 


OJ5i0.08 


Residuea 76*88 


0.28 0.05 


Residues 89404 


0.25 db 0.10 


Heavy 


Residi^ 76-104 


0.92i:ai0 


Reddues 76-88 


0.81 ±0.13 


Residaea 89404 


0.61:^0.10 



* Axmde poups weie itstaiaed to be within 10° of plaiiarity. ^ Chi-l angles were restraiaed tn a 
paiticuJai staggered rotomer i SO'*, in tiie case of cysteine residues for wMck a unique rotamer 
could not be defined by the and NOE data, two or three overlapping restraints were 
appKed to liniit the side chain tn occupy staggered confonnations only, CH-3 angle restraints 
were restraiaed tQ i::90 ± 20** by using two overlappbg dihedral angle restraints. 
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Table S3; Combinatoiial Shotgim AJanine Scan of TACLd2 



residue 


in2,m3 


BAFF 
selection 
wt Ala in2 


m3 


APRIL 
selectioTJ 
wt Ala m2 m3 


wt 


Display 
sisJectioji 
Ala m2 1113 


F(BAFF^ 
Ala * inZ iii3 


J^{APRE.) 
Ala XEi2 m3 


K7Z 


Q P 


1 A 

14 


2D 


24 


32 


21 


lU 


2j 


15 


IS 


9 


1 1 




n A 
0*4 


rt A 
0.4 


ft c 

O^o 


Ll 


0.0 


rt *y 

0.7 






23 


20 


IB 




20 


22 


15 


14 


4 


7 


23 


14 


2.0 


12 


8.9 


L6 


7,7 


5,0 


E74 




3o 


31 






41 


1 rt 
iv 






32 


lo 






U.o 






0.7 










!7 


14 


21 


IB 


20 


10 


25 


16 


14 


10 


12 


12 


rt a 


rt *t 
0.7 


rt A 
O.S 


1 j4 

1,4 


0.7 


Ll 






42 


2B 






46 


25 






26 


22 






u 






1,6 






K77 




19 


12 


21 


IS 


19 


21 


14 


17 


13 




13 


S 


1.7 


rt rt 
0.9 


rt jC 


LO 


1.4 


0,7 


F7B 


S, V 




12 


Q 


23 


q2 


t 


0 


tt 
a 


15 


7 


lb 


1 n 






n Q 




>66 


52 


yya 
I 


P,S 




*i 


U 


Q 


J? 


rt 

V 


n 


1 


19 


in 


A 








>jo 








DBO 




70 


0 






71 


0 






30 


18 






>42 






>43 






HSl 


D,P 


25 


7 


8 


49 


23 


6 


U 


24 


19 


10 


3 


30 


1.9 


13 


0.8 


2.0 


0.9 


1.5 


LB2 


P»V 




u 


n 
U 


0 


40 


n 
\) 


U 


A 
U 


14 


in 


i / 


/ 




>nl 


>Z5 


>2y 


>A9 


>20 


Lfl3 


P.V 


41 


3 


£ 


25 


57 


1 


n 
U 


12 


14 


15 


5 


£4 


15 


15 




-31 


>20 


4,S 


R34 




45 


2 


3 


0 


1 o 

19 


12 


n 
9 


ft 

y 


13 


9 


U 


15 


16 


13 


>5Z 


Ll 


L3 


>22 


D85 




32 


37 






2q 


45 






25 


23 






0.8 






ft e 
0.5 






CB6 








































IQ7 


T.V 


26 


0 


0 


22 


25 


0 


0 


15 


13 


14 


10 


11 




>22 


LI 


>Z7 


>19 


1.4 


SS8 




35 


15 






32 


g 






24 


23 












3 R - 






ca9 








































A90 








































S91 




33 


17 






30 


10 






2B 


20 






lA 






2A 






192 


T.V 


12 


3 






26 


2 


3 


9 


13 


11 


9 


15 


3A 




0,5 


n 


6.0 


33 


C93 








































G94 




46 


4 






39 


1 






25 


22 






10 






34 






Q95 




46 


2 


I 


0 


33 


5 


2 


0 


U 


U 


13 


13 


23 


58 


>54 


6.6 


21 


>39 


H96 


D,P 


44 


3 


0 


3 


36 


3 


0 


! 


12 


12 


8 


16 


15 


>29 


20 


12 


>24 


4S 


PS7 




47 


3 






40 


0 






32 


16 






7,8 






>2fl 






K9S 


E,T 


31 


13 


1 


5 


23 


B 


4 


5 


10 


12 


12 


14 


2,9 


37 


S.7 


3.5 


6.9 


6.4 


Q99 


B,P 


14 


9 


17 


13 


23 


8 


S 


15 


14 


15 


13 


23 


1,7 


O.S 


La 


L9 


L6 


1.5 


aao 








































AIQl 












































9 


7 


12 


25 


12 


9 


9 


24 


9 


M 


7 


35 


2,0 


0.6 


L4 


1.6 


0.8 


1.5 


Floa 


s.v 


23 


7 




15 


26 


7 


4 


17 


23 


9 


23 


10 


U 


2-9 


0,7 


U 


5J& 


0.6 


C1I34 








































E1Q5 




30 


23 






29 


25 






22 


43 






1,9 






1.7 






N106 


D.T 


6 


23 


12 


12 


13 


17 


15 


9 


12 


21 


IB 


14 


0.9 


1^ 


L2 


\2 


12 


L6 


K107 


E,T 


10 


20 




IS 


8 


24 


7 


14 


12 


22 


15 


16 


U 


1.9 


LI 


0,9 


2.1 


Ll 


uas 




15 


9 


17 


12 


10 


11 


18 


15 


15 


11 


25 


14 


\2 


1.5 


12 


LO 


L4 


0.9 




G,P 


3 


10 


15 


19 


12 


6 


16 


20 


14 


9 


19 




0,9 


12 


12 


L5 


1.2 


12 



The occunence of the wild-type leadue (wt) or each mutation (Ala, m2, m3) ibund among 



sequenced clones ibllowing two lounds of binding by ligaod selection (BAFF or APRIL) or 
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display selection (aEti-tag) is skiwn for the scanned positions in TACLd2, The occurrence of 
wild-type divided by mntant provides a wt/mutant ratio for each position (not shown). A 
notmalized frequency ratio (F) was calculated to quantify the effect of each mutation on Hgand- 
binding while accounting for display e^ciencies: Le, [wt/nmtant Oigand selection)]^ 
[(wttontaat (display selection)]. Deleterious mutations l^ve ratios >1. while advantageous 
mutations have ratios <I; bold&ce values indicate a >10-fold effect and are considered 
significant. Certain F values represent a lower limit smce Ala, m2, or m3 were not observed at 
these sites in ligand selection, 
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Table S4» Data CoDection ami Refinement Statistics For APRIL-Receptor Complexes 





APiai>TACI_d2 




Data Collection 






Space Group 




?6i 


Resoladon (A) 


(1.97- L90)' 


50-235(2.43-235)" 


Unit cell constants (A) 


ii - 59.3 fr-9L8c- 1023 


fl-1143c = 9L2 




0.086 (0347)" 


0,067(0.425)' 


No. observations 


2fi9,762 


266,614 


Unique reflections 


44,579 


28,292 


Completeness (%) 


99.6 (100)" 


99.9 (100)' 


Asymmetric Unit 


1 APRIL trimer, 3 TACLd2 


1 APRE. trimer; 3 BCMA 


EeOnement 






Resolution (A) 


304.90 


30-235 


Final R^Rfe.(%) 


16.7,203 


17,8/213% 


Uo. solvent atoms 


131 


37 


R3iisdbontis(A) 


0X09 


0.010 


Rmsd angles 


12 


1,2 


RmsdbondedBs(A^) 


3.0 


2.8 


Rama£ilaamiranPlot{yfl)*^ 


923; 7.7; 0;0 


91.5; S3; 0,2; 0 • 



' Numbers m parentheses refer to the highest resolution shell. 

^ Rjyjp - 1 |E-<I:^ / 1 1 <I> is the average intensity of synnnetry related observations of a unique 
reflection, 

' R ^ X |F^-Fc{ / Rft„ is calculated as R, but for 10% of the reflections excluded &om all 
refinement The Rficc set was chosen in diin shells due to the 3 -fold aon-CTystallographic 
syrninfttry 

Percentage of residues ia the most favored, additionally allowed, gemousiy allowed, and 
disallowed regions of a Ramachandran plot 
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Figure SI 
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Kgnre SI. HetoOBuclear NOB values for TACI_d2. Steady-state ^H-'^NlieteiDiiHcIearNOE 
values are plotted as a fenction of lesidue inmiber. Absence of a iQ^iboI 
proline or a residue whose amide resonance was not observed. NOE values were calculated as 
the ratios of peak heights in the spectra recorded with (NOE) and without (no NOE) proton 

saturatioitNOBvalues Mow dotted line indicate that these residues are higU^ 
picosecond-nanosecond time scale. 
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